Imperfect mimicry presents a paradox of incomplete adaptation e intuitively, closer resemblance should improve performance. Receiver psychology can often explain why mimetic signals do not always evolve to match those of their models. Here, we explored the influence of a pervasive and powerful cognitive bias where associative learning depends upon an asymmetric interaction between the cue (stimulus) and consequence (reinforcer), such as in rats, which will associate light and tone with shock, and taste with nausea, but not the converse. Can such biases alter selection for mimicry? We designed an artificial mimicry system where bees foraged on artificial flowers, so that colours could be switched between rewarding or aversive. We found that when the colour blue was paired with a sucrose reward, other cues were ignored, but not when blue was paired with aversive compounds. We also tested the hypothesis that costs of errors affect how receivers sample imperfect mimics. However, costs of errors did not affect bee visits to imperfect mimics in our study. We propose a novel hypothesis for imperfect mimicry, in which the pairing between specific cues and reinforcers allows an imperfect mimic to resemble multiple models simultaneously. Generally, our results emphasize the importance of receiver psychology for the evolution of signal complexity and specificity.
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Mimicry is a classic example of adaptation in which one organism (the mimic) evolves to resemble another (the model) because selection favours displaying the same signal to shared receivers (Bates, 1862; Johnson & Schiestl, 2016; Müller, 1879; Ruxton, Sherratt, & Speed, 2004) . Across mimicry as a whole, there is a spectrum of mimetic perfection that stretches from the exquisitely precise to the barely plausible ( Fig. 1) (Chittka & Osorio, 2007; Dittrich, Gilbert, Green, McGregor, & Grewcock, 1993; Gilbert, 2005; Johnson & Schiestl, 2016; Sherratt & Peet-Par e, 2017) . When mimicry is imperfect, it is surprising: either our intuition about the nature of the signals is incorrect, or additional constraints or selective forces need to be taken into account (Kikuchi & Pfennig, 2013; Ruxton et al., 2004) . Mimicry is a rare instance in which a reasonable hypothesis can be formulated about a potential adaptive optimum (Maynard Smith, 1978) , as its evolution is explicitly predicated upon an observable phenotype. To ask why imperfect mimics occur is to explicitly study constraints, trade-offs and other forces that, in combination with selection, determine the form of adaptations.
Receiver psychology is a selective force with extensive scope for explaining the evolution of communication (Endler & Basolo, 1998; Guilford & Dawkins, 1991; Rowe, 2013; Schiestl & Johnson, 2013; Speed, 2001 ). Indeed, a recent major review identified it as an area in need of research (Endler & Mappes, 2017) . It includes simple biases for preferring (or avoiding) features before any learning has occurred, which can make imperfect mimicry viable, such as when innate aversions to certain traits cause avoidance (Kikuchi & Pfennig, 2010; Smith, 1975 Smith, , 1977 . It also includes biases that only manifest themselves during learning, such as cue competition, in which a receiver learns to associate one feature of a model's signal with its reward or punishment at the expense of other features that could also be associated with the reward (Mackintosh, 1976; Pavlov, 1927; Rescorla & Wagner, 1972) . Cue competition thus reduces the number of features in which mimics must evolve to resemble their models (Kazemi, Gamberale-Stille, Tullberg, & Leimar, 2014; Sherratt, Whissell, Webster, & Kikuchi, 2015) . Conversely, in the absence of cue competition, multiple features of the mimic may fall under selection to resemble the model (Kazemi, Gamberale-Stille, & Leimar, 2015; Kikuchi, Mappes, Sherratt, & Valkonen, 2016) . Properties of cues such as their salience (how quickly receivers learn to associate them with unconditioned stimuli, sensu Kazemi et al., 2014) or relative validity (accuracy in predicting an
